INTRODUCTION
Ginger (Zingiber officinale Rosc.) is one type of rhizome plant from the family Zingiberaceae which is known as a medicinal plant. Ginger rhizome contains essential oils, resins, starches, proteins, minerals and variety bioactive compounds. Gingerol and shogaol are the main bioactive components in the ginger rhizome (Ravindran & Babu, 2004) . The pungent taste indicates the presence of gingerol compound in fresh ginger rhizome. Gingerol is the major bioactive component that responsible to the spicy taste of ginger rhizome, but it is very unstable in hot conditions and at high temperatures, the substances will change to shogaol. The shogaol tastes are more spicy than gingerol, and is a major component of dry ginger (Semwal, Semwal, Combrinck, & Viljoen, 2015; Syafitri, Levita, Mutakin, & Diantini, 2018) .
In the world, ginger cultivation covers an area of 387,300 ha with a production of 1,476.9 tons (Kizhakkayil & Sasikumar, 2011) . Indonesia is one of important ginger producing countries in Southeast Asia, having cultivation area more than 10,000 ha with average production of 84,878 tons (Ravindran & Babu, 2004) . There are three types of ginger cultivated in Indonesia, namely big white ginger (Z. officinale var. Officinale), small white ginger (Z. officinale var. Amarum), and red ginger (Z. officinale var. Rubrum). These three-ginger types have different morphological characters, starch content, fiber content and essential oils (Bermawie & Purwiyanti, 2011) . The big white ginger is commonly said as "elephant" ginger, "kebo" ginger or rhino ginger in local name due to the larger rhizome than others. Small white ginger known as "emprit" ginger or "sunti" ginger has smaller size, but is more spicy than white ginger. The red ginger has a red rhizome skin when harvested, but turns into brownish after certain period of storage. In addition, those three types also have differences in terms of productivity and active compound content (Rostiana, Efendi, & Copyright © 2019 Universitas Brawijaya Bermawie, 2007) . The differences in productivity and the content of the active compounds in the ginger rhizome depends on cultivation systems (monoculture/intercropping/agroforestry), the type of ginger and environmental condition, such as altitude, climate, and soil.
Ginger is generally cultivated as intercropping or planted under the tree in agroforestry systems, ranging from lowland to upland. The study in South Eastern Nigeria by Nwaogu (2014) reported that planting ginger in-between pigeon pea hedgerow alleys improved soil fertility (i.e exchangeable Ca, Mg, K, base saturation, soil organic C, and available P). While planting ginger under the shade trees in agroforestry system ginger can grow well and tolerate up to 45 to 55% shading (Pandey, Shukla, Saxena, Khan, & Kumar, 2018) .
In Indonesia, central ginger cultivation is located in the Java Island in diverse growing environmental conditions. During 2011 to 2017, ginger production in Indonesia had double increase from 94,743 to 216,587 tons (BPS, 2017; Riptanti, Qonita, & Fajarningsih, 2018) . East Java is one of the main centers of ginger production in Indonesia, supplying about one third of national ginger production (Nugroho & Ningsih, 2017) . Ilyas, Palupi, & Susila (2016) reported that rhizome production of ginger is strongly affected by seed rhizome age, while rhizome quality (e.g. water content) is influenced by the water content of growing media. Then, another factor controlling the production and quality of ginger rhizomes are the climate. Sukarman & Melati (2011) explained that ginger can grow optimally on the areas with climate types A, B, and C (Schmidt and Ferguson), at the altitude of 300 -900 meters above sea level (m asl) with 7-9 wet months per year, rainfall of 2,500 -4,000 mm per year and light intensity of 70-100% or slightly shaded to open. In addition, Murni, Pujiastuti, & Octoria (2017) stated that optimum temperature for ginger is ranged from 25 to 30 0 C.
Soil properties is also a factor controlling ginger production and its quality. The growth of ginger rhizome is optimum in fertile, loose soil and contains a lot of organic matter with a soil pH ranged from 6.8-7.4 (Rostiana, Efendi, & Bermawie, 2007; Sukarman & Melati, 2011) . In terms of soil fertility, ginger requires macro and micro nutrient for its growth and production. Without nutrient input and soil tillage, ginger production from 2014 to 2016 in Southwest Nigeria tends to decrease from 20.5 t/ha to 18.3 t/ha (Agbede & Adekiya, 2018) . Djazuli & Sukarman (2007) reported that rhizome production was higher in an area with altitude of 500 m asl and contain high macro nutrient (i.e. N, P, K) as compared to those production in an area with altitudes of 800 m asl and contain lower levels of soil nutrient. While Mao, Ran, & Li (2016) reported that ginger absorbed higher N and K element as compared to P, shown by the higher content of N and K than P in various part of ginger (i.e. tuberous root, leaf, stem).
Beside affecting ginger growth and production, variation in environment condition results differences in content of active compounds. Environmental stress will affect the expression of genes in plants resulting in an adaptation mechanism. Pressure from certain environmental factors can induce the synthesis of secondary metabolites that are used to defend themselves against unfavorable environmental conditions. To our knowledge, the study about productivity and quality of ginger from various land characteristics is limited. Therefore, exploration of ginger from various land characteristics with different environments is carried out to obtain genetic diversity of ginger accessions that have the potential to be developed into superior quality planting materials, in terms of production potential and high active compounds and adaptive properties in various environmental conditions. The purpose of this study was to assess the effect of land characteristics on the productivity and quality (i.e. gingerol content) of ginger.
MATERIALS AND METHODS
Exploration of ginger accession was carried out during the ginger harvest season, starting from June to July 2018, while laboratory analysis was done from August to December 2018. The research method was survey and exploration of ginger accession. The exploration of ginger accession was carried out at 10 regencies in East Java province, including Banyuwangi, Malang, Mojokerto, Nganjuk, Ngawi, Pasuruan, Pacitan, Pamekasan, Sumenep, Trenggalek and one district, Wonogiri (Central Java). The ginger and soil samples were gathered from 15 locations, covered three locations in Malang, two locations in Sumenep and Trenggalek and one location for the rest targeted area. The sampling area is divided in two group, including low-mid (0-600 m asl) area Copyright © 2019 Universitas Brawijaya (i.e. Pamekasan, Wonogiri, Nganjuk, Sumenep, Mojokerto, Pasuruan) and upland (> 600 m asl) area (i.e. Malang, Ngawi, Pacitan, Trenggalek). The study mixed the lowland and mid land into one group due to the area of ginger cultivation in low and mid land is limited. Based on preliminary survey, most of ginger cultivation in agroforestry system within East Java province was found in upland area. Most of ginger in sampling area (> 80%) was cultivated as understorey in agroforestry systems. The sampling locations were determined using serial sampling (multilevel) following snowball sampling method. From these activity, 24 ginger accession collections were obtained, consisting of 5 red ginger, 8 small white ginger and 11 big white ginger ( Table 1) .
The altitude of each collecting was recorded and the rhizome and soil samples were collected. Ginger rhizomes and soil samples were collected randomly from three subplots with size 1 x 1 m each. The ginger rhizome morphology (i.e. the number of rhizomes per plant, rhizome length and rhizome diameter), production potential (i.e. rhizome weight per plant and production per ha), and quality (gingerol content) were observed. The gingerol content was analyzed by using Thin-Layer Chromatography (TLC) analysis method in the laboratory of Indonesian Spice and Medicinal Crops Research Institute (BALITRO), Bogor. Analysis of soil fertility was also carried out by measuring the soil organic C, soil nutrient (i.e total N, available P, exchangeable K, Na, Ca, Mg), soil pH and soil particle size distribution (soil texture) from soil sample which is collected from 0-20 cm depth of soil. All soil analysis was conducted in Department of Soil Science, Faculty of Agriculture, Universitas Brawijaya, Malang. Descriptive analysis was used to obtain an initial description of ginger accession type from various land characters. In addition, statistical analysis was used to compared differences in ginger productivity and quality between low-mid land and upland for each ginger type (big white ginger, small white ginger, and red ginger) by using paired T-test at 5%. Then, Spearman's correlation test was used to analysed the relationship between land characterics and ginger productivity as well as quality). 
RESULTS AND DISCUSSION
The Production and Quality of Ginger from Different Land Topography The statistical analysis showed that the rhizome morphology (i.e. number, length and diameter) of big white, small white and red gingers was not significantly different between low-mid land and upland areas, except rhizome length of big white ginger which were higher in upland area than those in low-mid land area ( Table 2) . The difference in character is more indicated by the different types of ginger. In terms of size, big white ginger has a greater length and diameter of rhizome as compared to small white ginger and red ginger, as well as higher number of rhizome than red ginger. In contrast, the amount of rhizome was lower in big white ginger than small white ginger (Fig. 1) . Furthermore, the gingerol content of small white ginger (1-3%) was lower than big white and red gingers which could reach more than 4%. However, the gingerol content among ginger types (e.g. big white, small white, and red gingers) was not significantly different between low-mid land and upland area ( Table 2) .
The impact of site characteristics is evident in the potential yield of ginger rhizomes, both production per plant and per ha for big white and small white gingers, whereas the rhizome production per ha of red ginger was not significantly different between low-mid land and upland (Table 2, Fig. 1 ). Among the types of ginger, big white ginger has the highest production potential, followed by small white ginger, and red ginger is the lowest. Agbede (2019) reported that differences in site characteristics (i.e soil pH, soil nutrient content) with similar soil tillage gave a different impact on fresh ginger yield in Nigeria.
Based on the altitude of cultivation area, the production of rhizomes per plant and yield per ha for small white ginger was higher in the low-mid land area than those in the upland. The average yield of ginger rhizome in the low-mid land can reach 164 g per plant with a production potential of 23 t/ha, while in the uplands the production potential only reaches an average of 17 t/ha. This tendency is different from the potential of big white ginger and red ginger which show the opposite results, where the production of rhizomes in the uplands was higher than in the lowmid lands. In big white ginger, differences in yield of rhizomes both per plant and production per hectare up to more than 40%. Differences in rhizome yield between low-mid and upland areas indicated that topography affect ginger production probably through variation in precipitation, temperature, and soil. Islam, Rahman, & Hasan (2011) noted that some spices plant (e.g ginger, garlic, chilli) were sensitive to climate, temperature, and topography. Copyright © 2019 Universitas Brawijaya The average production potential of big white ginger rhizomes in the uplands and low-mid lands are 32 t/ha and 18 t/ha, respectively, with potential yields of rhizomes per plant reached 293 g in the upland and 161 g in the low-mid land. The similar result is also found in red ginger, the potential yield of rhizomes per plant in red ginger which is cultivated in the low-mid lands is lower than the uplands, but the potential yields per hectare was not different. The rhizome weight of red ginger per plant in the uplands is twice higher than those in the low-mid lands, which reaches an average of 92 g per plant, while its production potential only reaches 11-15 t/ha.
The Diversity of Land Characteristics for Ginger Cultivation
Based on observations on land characteristics, the particle size distribution in sampling site of ginger was dominated by silt loam (40% of sampling area) and clay loam (33% of sampling area) (Fig.  2) . Ginger can be grown in a wide range of soil texture class, ranging from heavy loams to clayey. Soil texture highly influences the yield and quality of ginger. Loam soil has a good porosity and aeration to hold water and nutrition. This is important to seedling growth and development of root and rhizomes. According to Xizhen, Jinfeng, & Xia (2005) , quality of rhizome and yield of ginger were observed higher when planted under loamy soils.
Clayey soils are generally located in the lowmid land which have greater ability to bind water and nutrients than the sandy texture. This result similar to the result of Gupta, Kumar, & Gupta (2019) who was reported that upland soil had lower clay content than lowland soil. Silty soil texture was found in the upland region where the parent material is derived from volcanic ash ( Table 3 ). The higher clay content has the potential to inhibit the growth and size of rhizome due due to the rigid characterictic. These characteristic also may inhibit root growth especially when the soil tillage is minimal. In contrast to clay, silty-textured soils are easily penetrated by roots so that the growth and production of rhizome will be less inhibited. This can be seen in the production of big white and red ginger in the upland areas, which are higher than those from the low-mid land areas (Fig. 1) . The studied soils have low to very high soil organic C (based on the criteria from the Bogor soil research center 3 -5 % is categorized as high). Fig.  3 showed that the highest soil organic C was found in Ngawi (Ngrambe) area, while the lowest is in Sumenep. The high soil organic C in the Ngrambe area was due to the fact that the soil in Ngrambe might have volcanic ash from the eruption of Mount Lawu and high input of organic matter from litter (coffee complex agroforestry system). The low soil organic C in Sumenep might be resulted from low input organic matter, since it was located near the coast and also intensive agriculture practices. Higher soil organic matter induces better soil properties for ginger rhizome growth, thus increases size and productivity. Other research which is conducted by Srinivasan et al. (2019) reported that rhizome yield and soil organic matter was greater with addition of organic nutrient management as compared to chemical nutrient management. This was indicated by the results of the correlation test between the soil organic C and the rhizome length (for red ginger), where the increase in rhizome length shows a tendency to be positively related to soil organic C (pearson correlation test r = 0.77, p = 0.12). This study showed that soil in the upland areas is more fertile than soil in the low-mid land area, supported by the higher CEC. As consequency, the research found positive correlation between topography and cation exchangeable capacity or CEC (r = 0.73, p < 0.05, n = 11).
In contrast to the soil organic C, the total N in the top soil (0-20 cm, Fig. 3 ) from all sampling site in East Java and Central Java was included in the criteria of very low (< 0.2% N; criteria for the Soil Research Institute, Bogor), except the total N in Mojokerto, Ngawi, Pasuruan, and Trenggalek which are included in the criteria of medium (0.21 -0.5 % N; criteria for the Soil Research Institute, Bogor). The increasing total N content of the soil has the potential to increase the growth of ginger rhizomes. This was indicated by the Spearman's rank correlation test, where the total N content of the soil is positively correlated with the length of the red ginger rhizome (Spearman's rank correlation test r = 0.9, p = 0.08).
In general, the soil available P (Fig. 3 ) of all sampling areas is categorized in the very low and low, except soil available P in the Banyuwangi, Singosari, Pacitan, Mojokerto, Pacitan, Sumenep, and Wonogiri regions which is categorized in very high (> 20 ppm; criteria based on the Soil Research Center -Bogor). The P element is needed by plants for root development, so that the increases of soil available P is potentially to increase the development of roots and ginger rhizomes (Srinivasan et al., 2019) . However, the study was unable to detected significant correlation between the soil available P with the production and size of ginger due to the high variation of soil P among sampling site and rhizome yield was closely related to soil organic matter as compared to soil available P.
Overall, the soil exchangeable K from all site is classified as moderate to very high (Fig. 3) , except in Nganjuk, Pamekasan, Sumenep, and Wonogiri areas which are classified as low to very low criteria (< 0.3 me/100 g). The similar condition is also found in soil exchangeable sodium (Na) which is indicates that the majority of sampling locations for ginger have high to very high of soil exchangeable Na (except Sumenep). Although the land at the sampling location of ginger has a high soil exchangeable Na, but due to Na is not included in the essential nutrients it does not significantly affect the production of ginger. On the contrary, the majority of locations for collection ginger samples have a low to very low soil exchangeable magnesium (Mg; < 1.1 me/100 g), except in the areas of Ngantang, Jabung, and Mojokerto which have soil exchangeable Mg moderate to very high (Fig. 3) . The correlation test showed a significant correlation between soil exchangeable K and ginger rhizome length (especially in red ginger) (r = 0.876, p < 0.05). This showed that the available K in the soil is very necessary in the formation and growth of rhizomes (Srinivasan et al., 2019) .
The Role of Land Characteristics on Productivity and Quality of Ginger
The effect of land characteristics on ginger rhizome productivity (i.e. number, length, diameter, yield) and quality (gingerol content) was analysed by using correlation test. Based on correlation test, the relationship between land characteristics and ginger rhiozome performance and yield was found in big white ginger and red ginger. The increase of land topography resulted an increase of rhizome diameter and yield (e.g. big white ginger), supported by the positive correlation between topography and rhizome diameter and yield (r = 0.65 -0.81, p = < 0.05, n = 11). Since there were no correlation between climate (i.e. temperature, humidity, light intensity) and rhizome yield and characteristics then probably land topography affected rhizome yield and diameter through both chemical and physical soil properties.
The role of chemical soil properties on ginger rhizome performance and yield was supported by CEC and soil nutrient content (e.g. K, Na). CEC plays an important role on cation availability in soil solution for supporting ginger performance. The higher value of CEC showed the more cations will be interchanged between soil solution and soil particle, resulted an increase of cation concentration in soil solution (e.g K, Na, Ca, Mg; Uddin, 2008) and ginger productivity (Srinivasan et al., 2019) . The positive correlation between CEC and rhizome diameter of big white ginger (r = 0.76, p < 0.01, n = 11) and rhizome yield of red ginger (r = 0.87, p < 0.05, n = 5) correspond with the result from Djazuli & Sukarman (2007) and Mao, Ran, & Li (2016) that ginger production is higher in the fertile than unfertile soils due to ginger absorbed nutrient (e.g. N, P, K) for growth and production. While the role of soil nutrient content on performance and yield of ginger shown by positive correlation between cation exchangeable (e.g. K and Na) with rhizome yield and its performance (number and diameter) in big white ginger (r = 0.62 -0.84, p < 0.05, n = 11), as well as positive correlation between rhizome length and soil exchangeable K in red ginger (r = 0.89, p < 0.05, n = 5). Since Potasssium (K) have function in improving root growth and plant vigor, as well as preventing lodging and enhancing crop resistance to pests and diseases (Tavakol et al., 2018; Ghao et al., 2018) , the positive correlation between exchangeable K and Na with ginger yield and performance indicated that K affected rhizome growth.
Beside soil chemical properties, ginger rhizome performance and yield is also affected by soil physical properties. In this study, the effect of soil physical properties on ginger rhizome performance and yield was shown from the size of ginger rhizome. The rhizome size was larger in the silty loam and clay loam soils as compared to clay, silt, loam, and silty clay loam soils (Fig. 2) . In the soil, differences in soil texture give rise to different pore size and affect to soil bulk density, soil moisture content, and root growth (Chaudhari, Ahire, Ahire, Chkravarty, & Maity, 2013; Vishkaee, Mohammadi, & Vanclooster, 2014; Lazarovitch, Vanderborght, Jin, & van Genuchten, 2018) . Clay has a normal range of bulk densities from 1.0 to 1.6 mg/m 3 with potential root restriction occur at > 1.4 mg/m 3 . While a normal range for sand is 1.2 to 1.8 mg/m 3 for clay with potential root restriction occur at > 1.6 mg/m 3 (Chaudhari, Ahire, Ahire, Chkravarty, & Maity, 2013).
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Clayey soil generally has lower soil bulk density as compared to sandy soils. Agbede & Adekiya (2018) reported that ginger yield in Southwest Nigeria during three years cultivation increased in soil with low bulk density and high soil moisture content.
CONCLUSION
Differences in the character of ginger rhizomes (i.e. length, diameter and number of rhizomes) depend on the type of ginger, whereas topography affected the length of ginger rhizome (e.g big white ginger). In addition, the potential production of small white ginger is large in the low-mid lands (23 t/ha), whereas big white and red gingers production was higher in the upland rather than the lowlands (reaching 32 and 18 t/ ha, respectively). The gingerol concentration in the ginger rhizome was not influenced by the altitude, but is more influenced by the type of ginger. The gingerol content of the small white ginger rhizomes is 1-3% on average, whereas in big white and red gingers on average of more than 4%. Based on land characteristics, the size of the ginger rhizome is greater in silty-textured soils and correlates with the soil chemical properties (e.g. CEC, soil nutrients of N and K). Thus, proper soil management (e.g. fertilization) is needed to maintain the sustainability of ginger production in agricultural land.
